The proton exchange membrane fuel cells have attracted tremendous attention recent years because of their highest efficiency compared to other types of fuel cells. Nafion , a perfluorinated polymer substituted by sulfonic acid groups, is the most commonly used polymer for the fabrication in proton exchange fuel cell membrane. A large variety of nanoparticles of different nature and size can be blended with Nafion matrix, therefore, generating a new class of nanostructured electrolyte membrane with interesting physical properties. These membranes have attracted both academic and industrial attention because they exhibit significant improvement in thermomechanical and thermal stability as well as proton conductivity at a very low filler contents.
Introduction
Perfluorosulfonate ionomer membranes such as Nafion, Dow XUS and Flemion are used for proton-exchange membranes in fuel cells owing to their good electrochemical stability, satisfactory mechanical strength and high proton conductivity. When such membranes are applied to polymer membrane or direct methanol fuel cells (PEMFC), methanol cross-over from the anode to the cathode is usually significant. This cross-over not only wastes fuel but also causes performance losses at the cathode due to the consumption of oxygen and catalyst poisoning. Efforts to decrease methanol cross-over have focused on improvement of the polymer electrolyte membrane. Some new membranes have been shown to be successful in reducing the methanol cross-over, [1] [2] [3] [4] [5] however; they sacrifice the mechanical strength of the pure Nafion or decrease proton conductivity due to poor compatibility between the membrane and electrode.
Poly (vinylidene fluoride) (PVDF) copolymer is miscible with Nafion-like ionomers. [6] [7] In addition, the PVDF copolymer has sufficient mechanical strength and dimensional stability, and lower reactant permeability. [6] [7] [8] In this study, Nafion is blended with poly-vinylidene fluoride copolymer (PVDF) in different blending ratios. The effect of the blending ratios on the electrochemical properties, thermal properties, water-uptake properties and methanol permeability is investigated.
Experimental section

Preparation of blend membrane
A PVDF copolymer with 85 mol% vinylidene fluoride was purchased from Sigma Aldrich, South Africa, and used as received. The chemical structure of PVDF is shown in Figure 1 . Nafion®-PVDF blend membranes were prepared by melt-mixing the Nafion precursor (R1100) with PVDF at 250 °C in a micro-extruder Reomix OS (AAKE) instrument, at a rotor speed of 60 rpm for 10 min (see Table 1 ). Figure 1 Chemical structure of PVDF copolymer 3 Results and Discussions .
FT-IR
The resultant Nafion-PVDF blend (N-PVDF) composite films with different blending ratios were characterised with FT-IR, to study the interaction between sulfinic acid groups of Nafion and PVDF. The FT-IR spectra are shown in Figure 2 , for pure Nafion the vibration bands CF-CF 2 (600-950 cm -1 ), SO 2 -O (1200-1400 cm -1 ) are observed. [13] After blending Nafion with PVDF, additional bands are observed with N-30% PVDF blend. These additional bands at about 800 cm -1 and 1500 cm -1 are attributed to the interactions between S-O and CH-CF 2 groups. However the positions of Nafion bands remain unchanged. There are no additional bands observed with other composites blending ratios. This suggests that there is poor interaction between Nafion and PVDF. FT-IR spectra for Nafion/PVDF composites membranes prepared by melt-mixing process
X-ray Diffraction patterns
The structural analysis of the Nafion, PVDF and composite membranes with different weight percentages of PVDF are presented in Figure 3 . Diffraction peaks for the composite membranes maybe be attributed to Teflon domains of Nafion 16 ° (100) and 40 ° (101). [9] Other peaks for composite membranes are associated with the presence of PVDF 17, 19 and 27 and 40 °. The Nafion peaks are reduced when PVDF is incorporated. This suggests that PVDF has affected the crystalline structure of Nafion. 
Water-uptake
The water uptake of Nafion decreases from 19% to 14% after the incorporation of 10 wt% PVDF as shown in Figure 4 . This is due to the surface and structural modification of Nafion surface. As the PVDF content increases to 20 wt%, the water-uptake went to 17% and to 16% for 30 wt%. Water-uptake future decreases to about 8% when 50 wt% of PVDF was incorporated into Nafion matrix. These results showed a significant effect of PVDF weight percentage on the water-uptake or swelling of the Nafion membrane. 
Thermal stability
Thermo-gravimetric analyses (TGA) of Nafion and its composite membranes based on different weight percentages of PVDF are shown in Figure 5 . The first degradation stage in a range 30 -120 °C is assigned to decomposition of adsorbs water present in the membranes. The weight loss in the range 250 -400 °C is associated with degradation of -SO 3 H groups and polyether side chains of Nafion. [14] [15] The weight loss observed in the range of 400 -480 °C is associated with thermal degradation of fluorocarbon chains of PTFE (polytetrafluoroethelyne) backbone of Nafion. [10] [11] [12] The TGA result shows that Nafion-PVDF blend membranes are more thermally stable compared to pure Nafion. This suggests that less water was adsorbed within composite membranes. The -SO3H, polyether side chains and PTFE backbone also decomposed at higher temperatures compared to pristine Nafion. As the amount of PVDF increases in Nafion composite, the thermal stability also increases. The higher thermal stability was observed with N-50 wt% PVDF. Above 500 °C, Nafion has lost about 99.9% of its weight, N-10wt%PVDF lost about 95%, N-20 wt% PVDF lost about 90%, N-30 wt% PVDF lost about 88% and N-50 wt% PVDF lost almost 85% of its weight. This is due to the higher thermal stability of PVDF above 500 °C. 
Mechanical properties
Dymanic mechanical analysis results show the temperature dependence of tan δ curve of the pure Nafion resin and PVDF blend composite membranes (Figure 6) , with different PVDF weight percentage. There are two peaks observed in the temperature range examined here (-30 180 °C). The 1 st peak (30 °C) is attributed to the transitions between SO 2 and CF groups of Nafion. The 2 nd peak at about 140 °C is assigned to the α-relaxation, which is close to the glass transition temperature (T g ) of the ionic clusters of Nafion resin.
[24] The glass transition temperature of the material is directly proportional to its mechanical properties. For pure Nafion membrane the maximum tan δ or T g peak appears at about 140 °C. The modification of Nafion with 10 wt% of PVDF resulted in a T g shifting to the higher temperature range of about 150 °C. This is indicative of higher mechanical properties. The T g of Nafion decreases with an increase in the PVDF. N-20 wt% PVDF shows T g of 100 °C, T g of N-30 wt% PVDF is about 110 °C and T g of N-50 wt% PVDF is about 120 °C. This confirms that N-10 wt% PVDF composite membrane has an excellent mechanical stability compared to other membranes. This improvement in mechanical stability is due to the good interaction of PVDF and Nafion side chains observed with FT-IR. The methanol (MeOH) permeability and proton conductivity result of Nafion and it PVDF blend composite membranes, with different blending ratios are tabulated in Table 2 The MeOH permeability of Nafion slightly increases to about 3 x 10 -8 cm 2 s -1 after modification with PVDF. This suggests that the interaction between PVDF and side chains of Nafion increases hydrophilic nature of Nafion. On the other hand, proton conductivity decreased with an increase of PVDF in Nafion matrix. This is associated with the lower wateruptake observed with composites membranes. These results suggest that PVDF blended membranes allows selective permeability of water molecules or hydrogen ions. This decrease on proton conductivity and an increase in MeOh permeability resulted in decreased C/P ratio. This indicates poor fuel cell performance with such blend composite membranes. Table 2 proton conductivity (C) and MeOH permeability (P) values of Nafion and its PVDF blend membranes, with different blending ratios. Values were calculated with the average error of 6 %.
Conclusion
The variation of PVDF blending ratio affects its interaction with Nafion membrane. Poor blending interaction is observed with higher blending ratios. PVDF polymer affect the water-uptake of nafion membrane, the lowest water uptake was observed with N-50 wt% PVDF composite. The crystalinity of Nafion was significantly reduced by blending with PVDF. The amount of PVDF strongly influences the thermal stability of Nafion. Thermal stability of Nafion increases with an increase in the amount of PVDF incorporated. Excellent mechanical properties were observed with N-10 wt% PVDF. The proton conductivity and MeOH permeability of N-10 wt% PVDF blend composite membranes is better compared to higher blending ratio composite membranes. This suggests that the amount of PVDF blending ratios can still be further reduced to opt for better results. 
